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Abstract
Background  This study aimed to compare the diagnostic accuracy of four indicators, including waist-to-height ratio 
(WHTR), vascular adiposity index (VAI), TG/HDL-C, and BMI/HDL-C for metabolic syndrome (MS) in Chinese adults aged 
40 years and above. Additionally, the study aimed to develop an efficient diagnostic model displayed by a nomogram 
based on individual’s BMI and circulating HDL-C level.

Methods  A cross-sectional study was conducted on 699 participants aged 40 years and above. Quartiles of BMI/
HDL-C, TG/HDL-C, VAI, and WHTR were used as independent variables, and metabolic syndrome was used as the 
dependent variable. Logistic regression was conducted to explore the impact of each parameter on the risk of MS. 
The areas under the receiver operating characteristics were compared to determine the accuracy of the indicators in 
diagnosing MS in the participants. Logistic regression was run to construct the nomograms, and the performance of 
the nomogram was assessed by a calibration curve.

Results  MS subjects had higher levels of BMI, BFM, PBF, VFA, AMC, WC, SCR, TG, and insulin, but lower LDH and HDL-C 
levels than the subjects without MS. The BMI/HDL-C ratio was positively correlated with the prevalence of MS and 
its components. The final diagnostic model included five variables: gender, BFM, WC, TG, and BMI/HDL-C. The model 
showed good calibration and discrimination power with an AUC of 0.780. The cut-off value for the nomogram was 
0.623 for diagnosing MS.

Conclusions  BMI/HDL-C ratio was an independent risk factor for MS in Chinese adults. BMI/HDL-C was significantly 
correlated with MS and its components. BMI/HDL-C was the most powerful diagnostic indicator compared to other 
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Background
Metabolic syndrome (MS) is composed of a series of 
common metabolic disorders, including obesity, hyper-
glycemia, hypertension, and disturbance of lipid metab-
olism [1]. Currently, it is estimated that a quarter of the 
global population has MS, which affects over a billion 
people [2–4]. In 2017, the reported prevalence of MS in 
China was approximately 31.3% [5]. MS causes varying 
degrees of damage to the cardiovascular, digestive, and 
endocrine systems of the body, leading to a higher mor-
tality rate among patients compared to those without MS 
[6]. Because of the severe impact of MS on health, early 
diagnosis and prediction of MS have become especially 
crucial. The traditional diagnosis of MS mainly relies on 
clinical physical examination and biochemical testing, 
which makes it difficult to screen sensitively and accu-
rately diagnose in the community residents [7]. Mean-
while, the clinical community has not widely adopted 
emerging early diagnostic methods such as metabolo-
mics and mass spectrometry [8]. Therefore, early screen-
ing, detection, and health management to prevent the 
progression of MS is becoming an essential public health 
concern.

Many blood biochemical and anthropometry indicators 
have been used to predict MS for early diagnosis and pre-
vention [9]. Besides, the emerging discipline developed 
in the last century, metabolomics, was also used for diag-
nosing MS [10, 11]. Abnormal glucose and lipid metabo-
lism are the typical characteristics of MS [12]. Moreover, 
insulin resistance was closely related to the pathology 
of MS. Homeostasis model assessment, including insu-
lin resistance (HOMA-IR) [13], triglyceride and glucose 
index (TyG) [14], was commonly used to predict MS [15]. 
The World Health Organization (WHO) also proposed 
that MS needs to focus on insulin resistance and hyper-
glycemia [16]. Additionally, the TG/HDL-C index was 
also considered a classic diagnostic of MS, which fully 
considered the lipid metabolites including triglycerides 
and high-density lipoprotein cholesterol (HDL-C) [17].

Anthropometry indicators were widely used to diag-
nose MS and assess the prevalence of risk factors for 
their convenient access, and body mass index (BMI) and 
waist circumference (WC) are extensively used for the 
diagnosis of MS. However, the inaccuracy of measure-
ment reduced the prediction efficiency as individuals 
with higher muscle mass were also classified as over-
weight or obese according to the cutoff value of BMI and 
WC. Studies had confirmed a positive association existed 
between neck circumference and the risk of MS, and neck 

circumference was considered as a surrogate parameter 
for BMI and WC in diagnosing MS [18, 19]. Besides, 
increasing studies try to explore the indicators that com-
bine multiple factors to enhance diagnostic stability, such 
as Waist-to-Height Ratio (WHTR) and Visceral Adipos-
ity Index (VAI) [20], etc. WHTR was considered to have 
better diagnostic power on cardiovascular metabolism-
related risk factors than waist circumference and BMI 
[21]. The VAI index, an effective indicator reflecting 
visceral fat accumulation, was reported to be associated 
with various components of MS [22]. Although BMI is 
a useful indicator for evaluating health status due to its 
simplicity, it cannot directly reflect the degree of meta-
bolic disorder [23].

Due to the complex components of metabolic syn-
drome, it is necessary to construct a reliable diagnostic 
model using routine clinical indicators. To explore an 
indicator with better diagnostic performance for MS, 
our study proposed a new diagnostic indicator that com-
bines body composition with blood biochemistry (BMI/
HDL-C). Moreover, different from previous studies that 
only constructed indicators, our study also evaluated the 
diagnostic power with conventional diagnostic indicators 
including TG/HDL-C, WHTR, and VAI.

Materials and methods
Participants
The adults aged 40 years and above who accepted health 
examination were collected at Suzhou Science and Tech-
nology City Hospital and Dong Zhu Health Service Cen-
ter in 2020. A total of 699 participants, including 215 
males and 484 females, were recruited. Three partici-
pants were included in the baseline data analysis but were 
excluded from the subsequent studies for lacking blood 
biochemical indicators. The study protocol was approved 
by the Committee on Medical Ethics of Capital Medical 
University (No. 2012SY23), and the study procedures fol-
lowed the ethical standards of the Helsinki Declaration of 
1975. Informed consent was signed by all participants.

The MS was defined according to the Clinical guide-
lines for prevention and treatment of type 2 diabetes 
mellitus in China (2022 version) [24]. The MS defined by 
Chinese Diabetes Society (CDS) guidelines consists of 
three or more of the following: (1) Abdominal Obesity: 
Abdominal obesity was defined as WC ≥ 90 cm for males, 
WC ≥ 85  cm for females. (2) Hyperglycemia: FPG ≥ 6.1 
mmol/L or OGTT ≥ 7.8 mmol/L or those who have been 
diagnosed with diabetes and treated. (3) Hypertension: 
Blood pressure ≥ 130/85 mmHg (1 mmHg = 0.133 kPa) or 

indicators, including TG/HDL-C, VAI and WHTR for diagnosing MS. The nomogram drawn based on the diagnostic 
model provided a practical tool for diagnosing MS in Chinese adults.
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those who have been diagnosed with hypertension and 
treated. (4) Hypertriglyceridemia: Triglycerides level of 
≥ 1.70 mmol/L was used as the cut-off level. (5) Hypo-
high-density lipoproteinemia (HHDL): HDL-Cholesterol 
level of < 1.04 mmol/L was used as the cut-off value.

Data collection
All data were collected by trained medical staff according 
to standard operating procedures. A questionnaire sur-
vey (see Additional file 1) was conducted at the beginning 
of the examination to collect basic demographic infor-
mation, disease history (past medical history, medica-
tion history, and medication compliance), family disease 
history, and personal lifestyle. Physical examination and 
biochemical testing were conducted. All the information 
was input into a database, and strict quality control was 
carried out.

Physical examination and blood sample collection
Anthropometric measurement was conducted accord-
ing to the guidelines of the WHO [25]. The height was 
measured by a standard height gauge (Seca). The weight-
machine was required to calibrate the scale daily (Seca). 
The waist circumference was measured using a plastic 
tape measure, taken at the midpoint between the lower 
margin of the last palpable rib and the top of the iliac 
crest. The body composition, including body fat mass 
(BFM), body fat percentage (BFP), and visceral fat area 
(VFA), was measured by the Body Composition Analyzer 
(INBODY S10). The upper arm of the subject was raised 
at an angle of about 45 degrees, the palm of the hand was 
upward and clenched the fist and bent the elbow force-
fully, then the measurer stood on the side and measured 
the muscle circumference of the upper arm by circling 
the tape around the thickest part of the biceps of the 
upper arm to obtain the value of arm muscle circumfer-
ence (AMC). A sphygmomanometer was used to mea-
sure blood pressure twice in a sitting position.

Subjects were required to fast for at least 12 h. Venous 
blood samples (5  ml) were collected from 6:30 − 10:00 
a.m. After centrifugation (480 g, 20 min), the plasma was 
separated. Plasma triglyceride (TG), creatinine (SCR) and 
lactate dehydrogenase (LDH) were measured by ILAB600 
clinical chemistry analyzer (Instrumentation Laboratory, 
Lexington, WI, USA). Plasma HDL cholesterol (HDL-C) 
was measured using a commercially available assay from 
the Instrumentation Laboratory (Lexington, WI, United 
States). Low-density lipoprotein cholesterol (LDL-C) was 
calculated based on the Friedewald formula (FF) [26]. 
The patient took 75 g of glucose orally after fasting blood 
collection and drew venous blood two hours after meals 
to measure insulin levels. Plasma insulin concentrations 
were measured according to the manufacturer’s instruc-
tions (ELISA; Mercodia Ltd).

Body mass index (BMI) was classified as normal 18.5–
23.9 kg/m2, overweight 24–27.9 kg/m2 and obese ≥ 28 kg/
m2 [27]. Educational level was defined as illiteracy or pri-
mary school level and secondary school or above. Smok-
ing status was categorized as non-smoker and smoker 
(including ex-smoker and current smoker).

Composite indicators are calculated according to the 
formula. TG/HDL-C: triglyceride to high-density lipo-
protein cholesterol ratio. WHTR: waist-to-height ratio. 
VAI: Visceral Adiposity Index, was calculated as:

	
V AI (males) =

WC

39.68 + (1.88 × BMI)
×

TG

1.03
×

1.31
HDL − c

	
V AI (females) =

WC

36.58 + (1.89 × BMI)
× TG

0.81
× 1.52

HDL − c

WC was measured in centimeters, BMI in kg/m2, TG and 
HDL-C in mmol/L.

Statistical analysis
SPSS 26.0 and R 4.2.2 were used for statistical analysis. 
Measurement data were expressed as M (SD). If the data 
conformed to the normal distribution, the t-test was used 
to compare the differences between groups; otherwise, 
the rank sum test was applied to compare the differences 
between groups. The categorical data were expressed in 
numbers and proportions, and the χ2 test was used to 
compare differences between groups. The Cramer’s V 
coefficient was used to evaluate the correlation strength 
when there was statistical significance in the χ2 test, and 
0.1 < Cramer’s V < 0.3 indicates a weak intensity correla-
tion; 0.3 ≤ Cramer’s V < 0.5 indicates a moderate intensity 
correlation; Cramer’s V ≥ 0.5 indicates a high intensity 
correlation. Cramer’s V was represented by the pound 
sign (#). Quartiles of BMI/HDL-C, TG/HDL-C, VAI, 
and WHTR were used as independent variables, and 
metabolic syndrome was used as the dependent vari-
able. Logistic regression was conducted to explore the 
impact of each parameter on the risk of MS and to con-
struct diagnostic models for MS. After adjusting for 
confounding factors, five variables were included in the 
final model, including gender, BFM, WC, TG, and BMI/
HDL-C, and the OR value and 95% CI of MS risk were 
analyzed. The calibration curve and the receiver operat-
ing characteristic curve (ROC) of the prediction model 
were plotted to evaluate its diagnostic value. P < 0.05 was 
considered statistically significant.

Results
Demographic characteristics of the participants
The demographic characteristics and plasma parameters 
of the participants were shown in Tables 1 and 2. The per-
centage of females was higher in the MS group than that 
in the non-MS group (P < 0.05). The subjects with MS had 
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higher levels of BMI, BFM, PBF, VFA, AMC, WC, SCR, 
TG, and insulin, but lower LDH and HDL-C levels than 
the subjects without MS (P < 0.05). The subjects with MS 
had a lower education level than the subjects without MS 

(P < 0.05). The BMI/HDL-C, TG/HDL-C, WHTR, and 
VAI levels in the MS group are higher than those in the 
non-MS group (P < 0.001).

Correlation between MS and quartiles of BMI/HDL-C, TG/
HDL-C, WHTR, and VAI
The prevalence of MS and its components were com-
pared according to the quartiles of BMI/HDL-C, TG/
HDL-C, WHTR, and VAI, and the Cramer’s V index was 
used to evaluate the correlation (Table 3; Fig. 1).

After grouping the participants according to the quar-
tile of BMI/HDL-C ratio, the results revealed significant 
differences in the prevalence of MS, abdominal obesity, 
hyperglycemia, hypertension, hypertriglyceridemia, and 
HHDL (P < 0.001). The prevalence of MS, abdominal obe-
sity, hyperglycemia, hypertension, hypertriglyceridemia, 
and HHDL increases in proportion to the BMI/HDL-C 
ratio. The quartile of BMI/HDL-C is weakly correlated 
with the prevalence of abdominal obesity, hyperglycemia, 
and hypertension, and moderately correlated with the 
prevalence of MS and hypertriglyceridemia, and strongly 
correlated with the prevalence of HHDL (P < 0.05, Cram-
er’s V MS = 0.414, Cramer’s V abdominal obesity = 0.270, Cra-
mer’s V hyperglycemia = 0.134, Cramer’s V hypertension = 0.160, 
Cramer’s V hypertriglyceridemia = 0.301, Cramer’s V HHDL = 
0.630) (Table 3; Fig. 1).

The prevalence of MS, hypertriglyceridemia, and 
HHDL varies based on TG/HDL-C ratio quartiles 
(P < 0.001). The quartile of TG/HDL-C is moderately 
correlated with the prevalence of MS and HHDL, 
but strongly linked with the prevalence of hypertri-
glyceridemia, and the relationship is statistically sig-
nificant (P < 0.05, Cramer’s V MS = 0.358, Cramer’s V 
hypertriglyceridemia = 0.789, Cramer’s V HHDL = 0.452) (Table 3; 
Fig. 1).

The prevalence of MS, abdominal obesity, and hyper-
glycemia varies according to the quartiles of WHTR, and 
a positive correlation between WHTR and the preva-
lence of MS, abdominal obesity, hyperglycemia, hyper-
tension, hypertriglyceridemia, and HHDL was observed 
(P < 0.05). The WHTR quartile is weakly correlated with 
the prevalence of hyperglycemia, moderately correlated 
with the prevalence of MS, and strongly correlated with 
the prevalence of abdominal obesity (P < 0.05, Cramer’s V 
MS = 0.328, Cramer’s V abdominal obesity = 0.811, Cramer’s V 
hyperglycemia = 0.108) (Table 3; Fig. 1).

Based on the quartile of VAI, there are variations in 
the prevalence of MS, hypertriglyceridemia, and HHDL 
(P < 0.001). The prevalence of MS and its components 
increases correspondingly with the increase of VAI. The 
quartile of VAI is moderately connected with the preva-
lence of MS and HHDL but strongly correlated with the 
prevalence of hypertriglyceridemia, and the relationship 
between parameters was statistically significant (P < 0.05, 

Table 1  Demographic characteristics and body composition 
parameters of the participants
Indices Non-MS

(n = 370)
MS
(n = 329)

P-value

Age (y), M (SD) 64.7 (8.4) 64.2 (9.0) 0.877
Gender, n (%) 0.014
Male 129 (34.9) 86 (26.1)
Female 241 (65.1) 243 (73.9)
Educational level, n (%) 0.024
Illiteracyaor primary school 261 (70.5) 256 (78.3)
Secondary school or aboveb 109 (29.5) 71 (21.7)
Smoking, n (%)
Never smoking 300 (81.1) 278 (84.5) 0.271
Ex-smoker and current smoker 70 (18.9) 51 (15.5)
BMI (kg/m2), M (SD) 25.0 (2.7) 27.0 (3.3) < 0.001
Normal, n (%) 119 (32.2) 54 (16.4) < 0.001
Overweight, n (%) 194 (52.4) 152 (46.2)
Obese, n (%) 57 (15.4) 123 (37.4)
BFM (kg), M (SD) 18.5 (5.5) 23.0 (6.3) < 0.001
PBF (%), M (SD) 29.6 (7.5) 33.9 (6.7) 0.035
VFA (cm2), M (SD) 85.5 (32.5) 110.9 (37.3) < 0.001
AMC (cm), M (SD) 26.7 (3.1) 27.5 (2.4) < 0.001
WC (cm), M (SD) 83.0 (7.2) 89.3 (9.0) < 0.001
WHTR (M (SD)) 0.5 (0.1) 0.6 (0.1) < 0.001
VAI (M (SD)) 1.5 (0.9) 3.3 (2.8) < 0.001
Data were expressed as M (SD) or n (%). Parameters including BMI, BFM, PBF, 
VFA, AMC, and WC, were compared using t-tests or rank sum tests. Gender, 
educational level, smoking status, and BMI were compared using Chi-square 
tests. P < 0.05 was considered significant. Ex-smoker: an individual who has 
given up cigarettes before our investigation. BMI, Body Mass Index; BFM, 
Body Fat Mass; PBF, Percent Body Fat; VFA, Visceral Fat Area; AMC, Arm Muscle 
Circumference; WC, Waist Circumference; WHTR, waist-to-height ratio; VAI, 
visceral adiposity index; non-MS: non-metabolic syndrome; MS: metabolic 
syndrome. a: non-formal education; b: including junior high school, high 
school, technical secondary school, junior college, undergraduate, graduate, 
and above

Table 2  Comparison of plasma parameters between MS and 
non-MS subjects
Indices
M (SD)

Non-MS
(n = 370)

MS
(n = 329)

P-value

SCR (mmol/L) 70.8 (19.1) 71.3 (21.2) < 0.001
LDH (mmol/L) 194.3 (50.2) 186.3 (36.1) 0.043
HDL-C(mmol/L) 1.4 (0.3) 1.2 (0.3) < 0.001
TG (mmol/L) 1.2 (0.6) 2.2 (1.4) < 0.001
LDL-C (mmol/L) 2.8 (0.8) 2.9 (0.8) 0.416
Insulin (mIU/L) 47.8 (40.1) 53.0 (38.3) 0.022
BMI/HDL-C 18.2 (4.3) 23.4 (5.7) < 0.001
TG/HDL-C 0.9 (0.6) 2.0 (1.6) < 0.001
Data were expressed as M (SD). Serum parameters including SCR, LDH, TG, 
HDL-C, and Insulin were compared using t-tests or rank sum tests. SCR, serum 
creatinine; LDH, lactate dehydrogenases; HDL-C, high-density lipoprotein 
cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; Insulin, 
2-hour postprandial serum insulin; non-MS: non-metabolic syndrome; MS: 
metabolic syndrome
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Cramer’s V MS = 0.395, Cramer’s V hypertriglyceridemia = 
0.739, Cramer’s V HHDL = 0.431) (Table 3; Fig. 1).

Comparison of diagnostic models
Logistic regression models were established based on 
the quartiles of BMI/HDL-C, TG/HDL-C, VAI, and 
WHTR. Then, the odds ratio (OR) values under dif-
ferent adjustment conditions were compared. After 
adjusting for confounding factors, the subjects with 
Q3 (PBMI/HDL−C= 0.001, ORBMI/HDL−C = 3.077, 95% 
CIBMI/HDL−C: 1.575–6.010; PWHTR = 0.006, ORWHTR = 
4.171, 95%CIWHTR: 1.505–11.556) level of BMI/HDL-C 
and WHTR showed a higher risk of MS than the sub-
jects in the Q1 group, and Q4 (PBMI/HDL−C < 0.001, 
ORBMI/HDL−C = 4.629, 95% CIBMI/HDL−C: 1.982–10.811) 
level of BMI/HDL-C continuously showed a higher risk 
of MS than the subjects in the Q1 group, while the sub-
jects with Q2 to Q4 (Q2, PTG/HDL−C < 0.001, ORTG/HDL−C 
= 3.063, 95% CITG/HDL−C: 1.662–5.643, PVAI = 0.010, ORVAI 
= 2.189, 95% CIVAI: 1.202–3.987; Q3, PTG/HDL−C < 0.001, 
ORTG/HDL−C = 11.884, 95% CITG/HDL−C: 5.968–23.665, 

PVAI < 0.001, ORVAI = 15.914, 95% CIVAI: 8.097–31.280; 
Q4, PTG/HDL−C < 0.001, ORTG/HDL−C = 75.468, 95% 
CITG/HDL−C: 28.850–197.413, PVAI< 0.001, ORVAI = 80.318, 
95% CIVAI: 29.840–216.182) level of TG/HDL-C and VAI 
consistently have a higher risk of MS than the subjects in 
the Q1 group (Fig. 2. A-D, Table S1).

The ROC curves of models under different adjustment 
conditions were depicted (Fig.  2. E - G) and the diag-
nostic value of the models was compared. In model 1, 
no covariates were corrected (Fig. 2. E). In model 2, we 
further adjusted for gender, education level, and smok-
ing (Fig. 2. F). In model 3, BMI, BFM, PBF, VFA, AMC, 
WC, SCR, LDH, TG, HDL-C, and insulin were adjusted 
(Fig.  2. G). We also found that the AUC of the ROC 
curves of model 3 (AUC = 0.780, 95% CI: 0.746–0.814) 
constructed based on BMI/HDL-C was higher than the 
AUC of the ROC curves of model 1and 2 (AUC Model 1 = 
0.731, 95% CI: 0.693–0.768; AUC Model 2 = 0.752, 95% CI: 
0.716–0.788) (Table 4).

The sensitivity, specificity, AUC, and the cutoff values 
of the prediction models were shown in Table  4. The 

Fig. 1  Prevalence of MS and its components according to the quartiles of BMI/HDL-C, TG/HDL-C, WHTR, and VAI. (A) Comparison of the prevalence of MS 
in the quartile of four key diagnostic indicators. (B) Comparison of the prevalence of abdominal obesity in the quartile of four key diagnostic indicators. 
(C) Comparison of the prevalence of hyperglycemia in the quartile of four key diagnostic indicators. (D) Comparison of the prevalence of hypertension 
in the quartile of four key diagnostic indicators. (E) Comparison of the prevalence of hypertriglyceridemia in the quartile of four key diagnostic indicators. 
(F) Comparison of the prevalence of HHDL in the quartile of four key diagnostic indicators. BMI, Body Mass Index; HDL-C, high-density lipoprotein choles-
terol; TG, triglyceride; WHTR: waist-to-height ratio. VAI: visceral adiposity index. (*P < 0.05, **P < 0.01, ***P < 0.001. a: P < 0.05 vs. Q1 of the same indicator, b: 
P < 0.05 vs. Q2 of the same indicator, c: P < 0.05 vs. Q3 of the same indicator. #: 0.1 < Cramer’s V < 0.3, indicates a weak intensity correlation; ##: 0.3 ≤ Cramer’s 
V < 0.5, indicates a moderate intensity correlation; ###: Cramer’s V ≥ 0.5, indicates a high intensity correlation)
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sensitivity and specificity of the model are both higher 
than 60%. The model 3 based on BMI/HDL-C and Model 
3 based on VAI have the highest AUC values compared 
to the AUC values of other models, which are 0.780 (95% 
CI: 0.746, 0.814) and 0.780 (95% CI: 0.745, 0.814).

The optimal model
Considering both simplicity (easy to calculate) and 
accuracy (the AUC value of the ROC curve), and its 
correlation with MS, model 3 based on BMI/HDL-C 

Fig. 2  Forest plot and ROC curves of the models constructed based on BMI/HDL-C, TG/HDL-C, VAI, and WHTR. Correlation between quartile of BMI/HDL-C 
(A), TG/HDL-C (B), VAI (C), and WHTR (D) and MS with adjustment of different confounding factors. Different background of forest plot represents different 
confounding factor correction: Blue - without adjustment of confounding factors; red - adjustment of confounding factors including gender, education 
level, and smoking; yellow - adjustment of confounding factors including BMI, BFM, PBF, VFA, AMC, WC, SCR, LDH, TG, HDL-C, and insulin. Comparison of 
ROC curves (E) without adjustment of confounding factors; (F) with adjustment of confounding factors including gender, education level, and smoking; 
(G) with adjustment of confounding factors including BMI, BFM, PBF, VFA, AMC, WC, SCR, LDH, TG, HDL-C, and insulin. BMI, Body Mass Index; HDL-C, high-
density lipoprotein cholesterol; TG, triglyceride; WHTR: waist-to-height ratio. VAI: visceral adiposity index

 



Page 8 of 11Liu et al. BMC Endocrine Disorders          (2024) 24:223 

was selected as the optimal model to predict metabolic 
syndrome.

Beginning with the risk factors of MS (Table 1), results 
of logistic regression analysis showed that gender, BFM, 
WC, TG, and BMI/HDL-C remained important pre-
dictors after adjusting for confounding factors. Then a 
nomogram (Fig. 3A) was built to predict the risk of meta-
bolic syndrome. To use the nomogram, clinicians could 
position on the variable axis based on the patients’ situ-
ation, and extend a line upwards to determine the points 

of each variable based on the topmost axis. Then add 
the points obtained from each variable, extend a line 
downwards from the total point axis to the risk axis to 
determine the risk of metabolic syndrome at the lower 
line of the nomogram. The cut-off value of BMI/HDL-C 
for the nomogram was 0.623 for diagnosing metabolic 
syndrome.

We plot the calibration curve (Fig. 3B) and ROC curve 
(Fig. 2G) to evaluate the diagnostic efficiency of the mod-
els. Sensitivity, specificity, the AUC, and cut-off value of 

Table 4  The sensitivity, specificity, AUC and cutoff value of different models
Models Sensitivity Specificity AUC (95%CI) Cut off value
BMI/HDL-C a

Model 1 0.700 0.681 0.731 (0.693,0.768) 0.468
Model 2 0.688 0.714 0.752 (0.716,0.788) 0.462
Model 3 0.810 0.640 0.780 (0.746,0.814) 0.623
TG/HDL-C b

Model 1 0.670 0.651 0.699 (0.661,0.738) 0.471
Model 2 0.783 0.575 0.718 (0.680,0.756) 0.425
Model 3 0.725 0.728 0.779 (0.745,0.813) 0.717
VAI c

Model 1 0.703 0.684 0.712 (0.673,0.750) 0.480
Model 2 0.703 0.684 0.716 (0.678,0.755) 0.458
Model 3 0.878 0.580 0.780 (0.745,0.813) 0.500
WHTR d

Model 1 0.670 0.649 0.672 (0.632,0.712) 0.452
Model 2 0.606 0.714 0.684 (0.644,0.724) 0.549
Model 3 0.875 0.550 0.772 (0.737,0.807) 0.516
a: prediction model based on quartile of BMI/HDL-C. b: prediction model based on the quartile of TG/HDL-C. c: prediction model based on the quartile of VAI. d: 
prediction model based on the quartile of WHTR. Model 1: no confounding factors were adjusted. Model 2: adjusting for confounding factors including gender, 
education level, and smoking status. Model 3: further adjustment of confounding factors including BMI, BFM, PBF, VFA, AMC, WC, SCR, LDH, TG, HDL-C, and insulin. 
BMI, Body Mass Index; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; WHTR: waist-to-height ratio. VAI: visceral adiposity index

Fig. 3  Nomogram and calibration curve of the optimal model. (A) Nomogram of the optimal prediction model of metabolic syndrome. (B) Calibration 
curve of the optimal prediction model of metabolic syndrome. BFM, Body Fat Mass; WC, Waist Circumference; TG, triglyceride; Q1, Q3, Q4, quartile of BMI/
HDL-C
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different models were used to analyze the ROC curve, 
and we found that the AUC value of the model is 0.780 
(0.746, 0.814), indicating a powerful prediction ability.

Model equation
The equation for the developed model is provided below:

	

Logit = −16.994 − 1.780 × Gender (male)
− 0.103 × BFM + 0.195 × WC (cm) + 1.763
× TG(mmol/L) + 1.124 × Q3 + 1.532 × Q4

Discussion
In this cross-sectional study, we investigated the cor-
relation between TG/HDL-C, WHTR, VAI, and BMI/
HDL-C ratios and the prevalence of MS. Our data indi-
cated that higher level of TG/HDL-C, WHTR, VAI, and 
BMI/HDL-C ratios were positively associated with MS, 
abdominal obesity, hyperglycemia, hypertension, hyper-
triglyceridemia, and HHDL in adults aged 40 to 85. BMI, 
BFM, PBF, VFA, AMC, WC, SCR, TG, insulin, LDH, and 
HDL-C varied between subjects with MS and subjects 
without MS. The prevalence of MS, abdominal obesity, 
hyperglycemia, hypertension, hypertriglyceridemia, and 
HHDL was compared according to the quartiles of BMI/
HDL-C, TG/HDL-C, VAI, and WHTR. We found that, 
in comparison with classical indicators including TG/
HDL-C, VAI, and WHTR, BMI/HDL-C showed a signifi-
cantly stronger correlation with MS. Based on the BMI/
HDL-C quartile, we proposed a new model to predict 
MS, which includes five factors: gender, BFM, WC, TG, 
and BMI/HDL-C ratio. The nomogram visually displayed 
the model.

Previous prospective and cross-sectional studies have 
reported that patients with metabolic syndrome (MS) 
exhibited an increased level of BMI, BFM, PBF, VFA, 
AMC, WC, SCR, TG, and insulin as comparing with 
non-MS subjects (P < 0.05) [28, 29]. These findings align 
with our results. Body fat mass commonly reflects the 
content of visceral fat and is a widely accepted param-
eter for evaluating visceral obesity. A study found that 
the increase in BFM leads to an increased risk of MS in 
adults [30]. Subjects who had accumulated visceral fat 
were at high risk for MS, which had a cumulative effect 
on the development of obesity [31]. Serum creatinine 
level in Chinese adults showed a positive correlation 
with the risk of MS. Even for individuals with SCR lev-
els within the normal range, a high SCR level implies a 
high risk of MS [32]. A previous study found that the lev-
els of total LDH, LDH1,2,4, and 5 in obese and diabetes 
patients were lower than in normal control subjects [33]. 
In our study, we also found that the level of total LDH in 
the MS patients was lower than in the non-MS subjects 
(mean LDH 186.3 [SD 36.1] vs. 194.3 [50.2]; P = 0.043). 

However, other studies reported inconsistent results. 
Vizir OO et al. found that the subjects with severe dia-
betes were characterized by a significant change in LDH 
activity [34]. This was demonstrated by an increase in the 
activity of total LDH, LDH4, and LDH5, but a decrease in 
LDH1 and LDH2 activity when compared to the healthy 
subjects [34]. These data indicated the LDH subtype-
dependent relation between LDH activity and metabolic 
diseases. Gender differences in the prevalence of MS 
were demonstrated by a previous study, which reported 
that females showed a lower risk for MS than the males 
[22]. Consistent with previous results, our research also 
found that the proportion of MS in males (40.0%) was 
lower than in females (50.2%). The gender difference in 
the prevalence of MS may be attributed to the discrepant 
distribution of fat in females and males, and the study has 
reported that females have more body fat than males. In 
addition, unhealthy lifestyles such as smoking and drink-
ing in the male population are more common than in 
females, which are also risk factors for the development 
of MS [35].

For elderly people in China, there is a stable asso-
ciation between obesity and lipid-related indicators and 
MS, which were considered effective indicators for diag-
nosing chronic diseases [36]. As one of the most exten-
sively used indices for evaluating body shape, abnormal 
BMI was strongly associated with the risk of obesity and 
metabolic syndrome [37]. Additionally, numerous stud-
ies have confirmed the correlation between BMI and 
MS. A cohort study analyzed the correlation between 
BMI and the risk of MS, and recommended a BMI level 
of 27 as the ideal cut-off value for identifying metabolic 
syndrome [38]. Another longitudinal study divided the 
participants into fast trajectory (slope = 1.447) and slow 
trajectory (slope = 1.433) according to the growth rate of 
BMI with age, which confirmed that the population with 
a fast growth rate of BMI had a higher incidence of MS 
than the population with a slow growth rate (OR = 3.40) 
[39]. The prevalence of MS increased with the rise of 
BMI and age [40]. As blood pressure, blood glucose, and 
abdominal obesity increased with age, people at the age 
of 60 years old and above have more metabolic complica-
tions [35]. As a reverse marker of MS and cardiovascular 
disease, the subclasses of HDL-C, especially the level of 
HDL3, were reported to have a negative relationship with 
MS, which could provide more information on diagnos-
ing MS than HDL-C [41].

Studies consistently report that MS patients have a 
higher TG/HDL-C ratio, WHTR, and VAI than non-MS 
subjects [42, 43]. In our study, we found a significant 
association between BMI/HDL-C and MS, abdominal 
obesity, hyperglycemia, hypertension, hypertriglyceride-
mia, and HHDL (P < 0.05, Cramer’s V > 0.1). The correla-
tions of TG/HDL-C, WHTR, and VAI with MS were also 
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significant (P < 0.05, Cramer’s V > 0.1), but the correla-
tions of these parameters with hyperglycemia and hyper-
tension were undetected (P > 0.05), implying a better 
diagnostic efficacy of BMI/HDL-C than the other three 
indicators. It is reported that the TG/HDL-C ratio is a 
reliable predictor of MS, particularly because it showed 
a significant correlation with MS in the elderly Chinese 
population [44]. Furthermore, studies have indicated 
that the TG/HDL-C ratio is an efficient biomarker for 
abnormal lipid metabolism and cardiovascular disease 
[45]. In our study, we found that the diagnostic potency 
of TG/HDL-C in diagnosing central obesity, hypergly-
cemia, and hypertension was poor. Consistently, studies 
have also reported that WC was not related to the TG/
HDL-C ratio. Therefore, we speculate that WC was not 
an effective predictor of central obesity in adults [46]. As 
our results showed, there was no significant correlation 
between TG/HDL-C and abdominal obesity (P = 0.406). 
Due to comprehensively consideration of waist circum-
ference and height, the WHTR value was suggested as 
the best predictor of central obesity. However, in our 
study, the diagnostic effect of WHTR on blood lipids 
and blood pressure abnormalities was not significant 
(P > 0.05). The same drawback appeared in the VAI value, 
which failed to reflect the blood pressure status, and the 
calculation of VAI was complex [47]. Comparing the 
models constructed with BMI/HDL-C, TG/HDL-C, VAI, 
and WHTR, our data demonstrated that model based on 
BMI/HDL-C was the most comprehensive and reliable 
model with the greatest potential for diagnosing MS in 
Chinese adults aged 40–85.

The advantage of this study is that we identified a new 
key indicator and developed a new model to predict MS 
in patients clinically. BMI/HDL-C was easy to obtain and 
had better accuracy and comprehensiveness than other 
indicators (TG/HDL-C, VAI, WHTR), which provided a 
new tool for early prediction of MS. Figure  3 showed a 
nomogram of the developed MS diagnostic model, which 
provided help for the clinician to assess the risk of MS 
according to clinical indicators.

There are some limitations in this study. Firstly, the 
cross-sectional study design makes us fail to draw a 
causal conclusion. Secondly, the sample size of this study 
is small and age-related analysis of metabolic syndrome 
is lacking, thus the conclusions derived from this study 
need to be further verified in large-scale population stud-
ies. Thirdly, the study was conducted in Chinese; there-
fore, extrapolation of our results to other populations 
should be done with caution.

Conclusions
This study established a new model based on BMI/
HDL-C to predict MS in Chinese adults aged 40–85, 
which compensated for the lack of existing research on 

the prediction of MS based on BMI/HDL-C quartile. The 
model established in our study might provide a sensitive 
and effective tool for diagnosing MS.
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